We evaluated the benefits of teleconsulting for patients hospitalised with minor head injuries in centres without neurosurgery. In the Piedmont region, 1462 consultation requests were received at specialist centres in 2009, relating to 519 patients with a minor head injury diagnosis (ICD 850 -854). These were compared with the details of 1895 patients admitted with the same diagnosis during 2009, but for whom no consultations were requested. The mortality risk in the two groups was estimated using logistic regression, after adjusting for the principal confounding factors (sex, age, seriousness of the patient's injury at diagnosis, referral centre). The estimated risk of death for patients for whom no consultation was requested was an odds ratio of 1.32 (95% CI 1.08 to 1.74) compared to those who received a teleconsultation. However, after adjusting for the confounding factors, the risk was not significant (odds ratio ¼ 1.25, 95% CI 0.83 to 1.91). A stratified analysis identified a significant effect for elderly people, aged over 70 years, in whom the odds ratio was 1.14 (95% CI 1.04 to 1.82). The results confirm the benefits of telemedicine, in particular for elderly patients, when teleconsultation is requested in the case of minor head injury.
Introduction
In most European countries, patients who are hospitalised with a head injury are treated in medical centres without neurosurgical units. 1 Until recently, these patients were often transferred to specialist centres for the necessary analyses, and then they were sometimes returned to the centres they had arrived from, with all the risks entailed in these movements. Treatment of patients in specialist centres produces good results, 2 but little work has described the situation of patients, who present in peripheral centres without neurosurgery. 1, 3 Guidelines for the management of patients with serious head injury in the US and in Europe have been published, 4,5 but none of these guidelines contain clear indications about transferring patients to specialist centres.
The decision to move a patient to a neurosurgical centre is usually taken after a telephone call, 6 but in the last few years evaluation of the patient has been made through teleconsulting, which makes it possible to transmit the CT images to the neurosurgeon. 7 The Project PATATRAC (Piedmont Aosta Valley Axial Tomography Cranial Trauma) began in Piedmont in 1997. It allows the control and monitoring of teleconsultation requests to specialist centres, via a network connecting the regional centres. The aim is to reduce avoidable mortality for minor head injuries. The system records information in a database called Tempore, which has achieved a good level of reliability and completeness of the data, and therefore facilitates research in this field. 8 The present study aimed to evaluate the benefits of teleconsulting for patients hospitalised with minor head injuries in centres without neurosurgery.
Methods
During 2009, 1462 consultation requests arrived at specialist centres, related to 519 patients with a minor head injury diagnosis (International Classification of Diseases, ICD code 850-854). The details were recorded in the Tempore database. This information was compared with the details of 1895 patients (SDO patients) admitted with the same diagnosis during 2009, but for whom no consultations were requested. Information about the latter patients was
recorded on hospital admission index cards. We considered all clinical and personal data of the two groups.
The benefit of teleconsulting was measured in terms of the patient's mortality risk. The seriousness of the patient's injury was measured using the fifth number of the ICD code. In order to define the best cut-off value in the fifth number of the ICD code that would identify the seriousness of trauma in accordance with the GCS scale, the Receiver Operating Curve (ROC) approach was used. 9 A ROC analysis plots the true positive (sensitivity) vs false positive (1-specificity) rates. The resulting curve can be analysed to determine at what point (cut-off value) the true positive rate is optimized at a given/desired false positive rate (or vice versa). It was evaluated in comparison to the GCS by Sensitivity, Specificity and Positive Likelihood indicators and their 95% confidence intervals. 10 Using logistic regression models, the mortality risk of Tempore patients was compared to that of SDO patients. The results were calculated as an odds ratio, with 95% confidence intervals (95% CI). The odds ratio was adjusted by the principal confounding factors (sex, age, seriousness of the patient's injury at diagnosis). The statistical analysis was performed using a standard package (STATA 9.0, Stata Corporation, TX, USA).
Results
A total of 1462 consultations were recorded in the Tempore database during the study period. These referred to 462 patients (194 females and 268 males) with a diagnosis of head injury. The majority of the patients were over 70 years old (67% aged over 70 years), with a moderately serious head injury (72% with a Glasgow Coma Score, GCS, over 12).
In 50% of consultations, the request was completed within 22 min, but in some cases (10%) the consultations took more than 60 min. An analysis of the number of consultations for each patient showed that 10% of the patients needed more than 4 requests (some patients produced more than one request because more details were required in answering the original consultation), and in particular there were 13 patients in whom more than 10 consultations were requested.
The ROC analysis supported the use of the value 4 as the cut-off level for the fifth number of the ICD code to identify in particular moderate trauma (GCS . 8). That is, a value smaller than 4 corresponds with a good approximation to a value 8 of the GCS (Specificity ¼ 0.93, 95% CI 0.90 to 0.95 and Positive Likelihood ¼ 5.48, 95% CI 5.01 to 5.97).
Comparison of the mortality risk between the two groups of patients led to an estimate of the death risk for those patients for whom no consulting was requested: an odds ratio of 1.32 (95% CI 1.08 to 1.74). However, after adjusting for the confounding factors, the risk was not significant (odds ratio ¼ 1.25, 95% CI 0.83 to 1.91). A stratified analysis identified a significant effect for elderly people, aged over 70 years, in whom the odds ratio was 1.14 (95% CI 1.04 to 1.82).
The protective effect of consulting was not significant for those patients who arrived in hospital by their own means of transport (odds ratio ¼ 1.62, 95% CI 0.91 to 2.86)
Discussion
The present study shows that teleconsulting for head injuries was widely used in regional hospitals and provided substantial benefits. An interesting finding was the different ability to manage patients shown by different regional centres. In particular, some centres needed many requests to manage each patient, and for this reason specific training for operators may be appropriate in future. Also, the high response time in some specialist centres requires further investigation. The results however confirm the benefits of telemedicine, in particular for elderly patients, showing a reduction in risk when teleconsultation is requested. Some other studies have found teleconsulting to be important, particularly to reduce unnecessary patient transfers, 11 but at present there is insufficient evidence to identify specific benefits.
Doctor-to-doctor teleconsultation allows the rapid resolution of queries, which would otherwise cause stress for patients and would increase the cost and complexity of their health care. 12, 13 The present study provides a first description of an important technique in the management of patients with head injuries, particularly those hospitalised in peripheral centres, for whom in some cases a useless transfer would have occurred with the consequent associated risks. A further development of the present work will be a detailed analysis of the data made available in the Tempore database, in relation to other diagnoses, including stroke. Obviously the present results are preliminary and require further verification.
